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parkinsonism. The remaining 802 patients exhibited some or all of the accepted cardinal signs: "rest" tremor, plastic rigidity, paucitv or delayed initiation of movement, slowness. and impaired postural and righting reflexes. The following data were recorded on all patients: age, sex. date of onset of parkinsonism, initial symptoms, age and date of death, duration of illness, and family history of parkinsonism or other neurological disease. During the two-year period 1963 and 1964, 263 of the patients were examined for additional or more detailed information, and McBee punch cards were used for recording 77 factors concerning past health, associated diseases, neurological signs, progression of disease, and degree of disability.
In any study of a chronic disease statistical problems arise because of sampling distortion. Patients may be omitted from the group being studied either because they died of other causes before seeking medical attention for their parkinsonism or because during the years of a lengthy illness they stopped attending the clinic and are lost to follow-up. These errors were partially corrected by including in progression and mortality analyses only those 271 patients who were first seen within two years of the onset of parkinsonism and by extensive tracing of Iost patients. SuppIementary information has been gained from death certificates, private physicians and relatives, and hospital and nursing home records. Autopsy findings, when available, were correlated with entries on death certificates. Statistical significance was determined by subjecting all data to the chi-square test or by calculations based on the standard error of differences between means and proportions using the Student's "t" tables.
CLASSIFICATION
For this review, the classification of the syndrome of parkinsonism was based on a combination of clinical data and presumed etiology. An attempt was made to name and define each type of parkinsonism in such a manner as to be clinically applicable while recognizing that it might not necessarily be pathologically distinct from other types.
Primary parkinsonism or Parkinson's disease: The term "Parkinson's disease" is equated to "paralysis agitans" and has been reserved for what, at present, is considered the primary or "idiopathic" form of the disease. Six hundred and seventy-two patients were so classified after thorough review of their histories failed to reveal a disease process that couId be considered etiologic in the production of their parkinsonism. The presence of associated neurologic abnormalities, unless clearly attributable to an independent disease process (such as cervical spondylosis 0s peripheral nerve injury) excluded the case from this diagnostic category.
The mean age at onset of the disease in these patients was 55.3 years ( Table 1) and is in accord with previous rep0rts.~-l3 Although the range is wide, in two-thirds of the patients the disease began between the ages of 50 and 69 (Table 2 ) . In Manschot's review in 19045 the onset in 65.9% of his patients also occurred between the ages of 51 and 70. In the present study there were 268 women, with a mean age at onset of 54.8 years, and 404 men, 
1964, inclusively
with a mean age at onset of 55.6 years. This difference is not significant and is in contrast to most other studies reporting the age at onset to be slightly lower in men than in women.6?8,10 In addition, the distribution of ages at onset is the same for both sexes. Figure 1 according to the year the patients were first examined. During this same period the time interval between the onset of parkinsonism and the first medical examination at the clinic has remained approximately constant for those patients whose age at onset was over 55 years ( Fig. 2 ) .
However, patients who were younger when the disease began have been waiting longer in recent years before attending the clinic:
from a mean of 3.5 years in 1949 to six years in 1960-1964. This contributes to the shift to older ages in recent years, as might the increasing age of the population as a whole. The increasing interval between onset and first clinic attendance does not seem to be related to decreasing severity of the disease in young patients, and it may well be that other socioeconomic factors play a role. 
11 Postencephalitic parkinsonism. Still the largest subgroup of patients with secondary parkinsonism is that in which the syndrome developed following encephalitis lethargica. Eighty-two patients with a definite history of sleeping sickness and its characteristic sequelae or its pathognomonic stigmata, oculogyria and palilalia, are classified as "definite" postencephalitic parkinsonism (Table 1 ). There is a small group of 14 patients with a less definite history of sleeping sickness and without oculogyria who, nevertheless, exhibit other nonpathognomonic but frequent sequelae of encephalitis lethargica; these include oculomotor and other cranial nerve palsies, pyramidal tract signs, dystonic phenomena, sleep disturbances, personality changes, and autonomic dysfunction. These patients are designated "probable" postencephalitic parkinsonism and share with the "definite" group a similarly young mean age at onset. It is not to be inferred from these figures that the onset of parkinsonism following encephalitis lethargica was confined to the young. By including only those patients still dive at the beginning of the review period, 1949-1964, a selective factor was introduced into this study.
Of the total of 802 cases of parkinsonism which were reviewed, there was none with a definite past history of encephalitis of a type other than von Economo's. In addition, a history of influenza in the post-World War I epidemic without encephalitis or postencephalitic symptoms was not considered significant.13~~4 Seventy-three (15.2%) of the 480 patients with primary parkinsonism and 15 (15.6%) of the 96 with the postencephalitic syndrome who were born before 1920 had had influenza. These patients differed in no way from those with parkinsonism but without a history of influenza.
Because of the strict criteria for classification as secondary parkinsonism due to encephalitis lethargica, two types of patients with this initial diagnosis were removed from this category and reclassified: a] In reviewing charts, it was found that many patients, when first seen in the 1930's and 1940's, had been diagnosed as postencephalitic parkinsonism only because the onset of disease occurred at an early age. However, even though encephalitis is not excluded as an etiologic factor, these patients do not fulfill the present criteria for such a diagnosis. They have no history of encephalitis lethargica or any other infectious illness which might be confused with it; they have neither the pathognomonic sequelae (oculogyria and palilalia) nor the other common neurologic sequelae of encephalitis lethargica. Clinically, they are in no way different from patients seen more recently with an early age of onset who are now classified as primary parkinsonism, and in this study they are included in that group. b] A second group of 12 patients has been excluded for the present from the postencephalitic category. These have parkinsonism with an uncertain relationship to a past history of encephalitis lethargica and will be discussed under the section on indeterminate parkinsonism.
21 Other causes of secondary parkinsonism. There is a final group of 22 patients whose parkinsonian symptomatology is a manifestation of a definable process, such as arteriosclerosis, diffuse central nervous system degenerative disease, intoxication, metabolic defect, tumor, and the use of drugs. The patients in this group had unequivocal symptoms and signs of parkinsonism, often in association with signs of other, more diffuse, neurologic involvement believed to be on the same etiologic or pathologic basis as the parkinsonism. They form a heterogeneous group which included 14 cases of parkinsonism occurring in association with other extrapyramidal dyskinesias, such as dystonic posturing, torticollis, facial grimacing, and mild athetosis. The pathologic lesion in one of these patients was a deeply situated arteriovenous malformation; in another the onset was apoplectic; a third had accompanying cerebellar abnormalities; and a fourth, corticospinal involvement with severe dementia in addition to the extrapyramidal dysfunction. Five of the 22 patients had cerebellar system abnormalities such as ataxia, dysmetria, and severe intention tremor in addition to their parkinsonism. Two patients had associated corticospinal involvement; one was traumatic in origin and the other was thought to be due to vascular insufficiency.
Indeterminate parkinsonism: In a certain number of patients it is impossible to determine whether the parkinsonism is primary or secondary. It is associated with other neurologic disease, either by history or by present signs, and there is no indication whether this association is causatively and pathologically detemiined or whether it is merely coincidental. In many, the differentiation may be possible only after long-term observation. For example, the present series of patients included 12 with a convincing history of encephalitis lethargica followed by an apparently complete recovery which lasted from ten to forty-one years (mean 24.7) without evidence of neurologic or psychologic sequelae. The present disease in these patients is indistinguishable from primary parkinsonism, and they have no oculogyria, palilalia, cranial nerve palsies, or other neurologic abnormalities usually associated with the postencephalitic syndrome. The mean age at onset of their disease was 50.3 years. They have been called "indeterminate" because of the query whether their parkinsonism is a true postencephalitic phenomenon or merely a coincidental and unrelated condition. There is also the possibility that the retrospective diagnosis of encephalitis lethargica is in error. This is an interesting group of patients, and pathological studies eventually may help to resolve the problem. An example follows:
Case report. A male patient had had influenza in 1918 and definite encephalitis lethargica in 1919, followed by several years of emotional instability. He made a complete neurologic and psychologic recovery and remained perfectly well for forty years until, at age 51, he developed generalized slowness followed by bilateral upper extremity tremor. Over the next five years there was moderate progression, with severe paraspinal rigidity, a Simian posture, soft monotonous speech, facial masking, and bradykinesia. He had no oculogyria, palilalia, oculomotor or other cranial nerve palsies, or autonomic dysfunction. He died as a result of a myocardial infarction five ears after the onset of tained.
parkinsonism. Unfortunate r y no autopsy was ob-
SIGNS AND SYMPTOMS
Initial symptoms in patients who were interviewed and examined in detail are listed in Table 3 . Complaints such as muscle pain and aching, paresthesias, and generalized fatigue were designated the initial symptom only when they were specifically and unequivocally related to the onset of parkinsonism. As in M jones' and Hartmann's studies,15.16 tremor was the most frequent initiating symptom, occurring in 708 of patients with primary parkinsonism and in over 50% of the patients with postencephalitic parkinsonism in the present study. Among patients who were first seen within two years of the onset of their disease, tremor was the first symptom in 59.3%. There were few differences in initial symptomatology among the various types of parkinsonism, except that speech, psychiatric, and sleep disturbances were more frequent in the postencephalitic patients than in those with "idiopathic" parkinsonism.
As expected, 3, 8, [17] [18] [19] tremor and rigidity More precise elucidation of the characteristics and the patterns of progression of each sign is needed, together with standardization of criteria for the diagnosis of definite, probable, and possible parkinsonism. The various classical signs often progress at independent rates in the individual patient, and the clinical picture of one may be dominated by tremor, of another by rigidity or akinesia. It has been our impression that those patients whose chief compIaint is tremor have a slightly better prognosis than those whose akinesia or rigidity is the main manifestation.
DEGREE OF DISABILITY
Because of the variability with which the syndrome evolves, in evaluating the results of therapy it is essential to consider not only the type of parkinsonism and its chief manifestations but also the extent of disability at the time of treatment and the rate of progression before and after treatment. Each case was rated on an arbitrary scale (Stages I-V) based on the level of clinical disability.
Stage Z. Unilateral involvement only, usually with minimal or no functional impairment.
Stage I I . Bilateral or midline involvement, without impairment of balance.
Stage IZI. First sign of impaired righting reflexes. This is evident by unsteadiness as the patient turns or is demonstrated when he is pushed from standing equilibrium with the feet together and eyes closed. Functionally the patient is somewhat restricted in his activities but may have some work potential depending upon the type of employment. Patients are physically capable of leading independent lives, and their disability is mild to moderate.
Stage IV. Fully developed, severely disabling disease; the patient is still able to walk and stand unassisted but is markedly incapacitated.
Stage V. Confinement to bed or wheelchair unless aided.
While not necessarily intimating pathophysiologic correlation, this method of staging is practical and allows for reproducible assessments by independent examiners of the general functional level of the patient. It is not applicable only in isolated instances, as, for example, in patients with such severe rigidity that they are incapacitated even though righting reflexes remain intact. On the other hand, the general experience has been that it is the onset of disturbances of balance which heralds severe disability. Similarly, there are occasional patients who are more incapacitated by severe unilateral disease than are others by milder bilateral disease. Such severe unilateral involvement, however, is more frequently found in the long-standing postencephalitic patients and is rare in those with Parkinson's disease. Patients with the latter usually develop bilateral signs before disability is marked. Not infrequently, Stage I is skipped and the onset is bilateral or generalized.
One hundred and eighty-three of the patients examined in detail during 1963 and 1964 had primary parkinsonism. The stages of disease in these patients are shown in Table  4 . In this clinic population, three-quarters are equally divided in Stages 11, 111, and IV; a smaller number is found in Stage I, and only a handful is included in Stage V. In a study by [2] minimal disability until after twenty years of illness. As might be anticipated, the more severe stages are associated with longer duration of disease ( Table 4) . There is considerable variation, however, in the duration of illness for all patients at a given stage. Furthermore, the omission of the experience of other patients, living or deceased, who are no longer attending the clinic, as well as the prior experience of the subjects examined during this period, make this table unsuitable for projecting the progression from stage to stage. However, it is descriptive of the clinic population at a given time.
Among the postencephalitic patients attending the clinic only 25% are severely disabled after twenty years of illness. This agrees with the clinical impressionl3J4 that the disease of most postencephalitic patients still alive today seems to have reached a plateau beyond which minimal progression occurs.
PROGRESSION O F DISABILITY
By definition, the patients in Stages I, 11, and I11 are only minimally disabled, whereas patients in IV and V are severely disabled. Therefore, this is usually a convenient method of assessing the progression of functional incapacity. Table 5 Among patients first observed within the last five years, over one-quarter are either dead or disabled. This proportion rises to 60% of those first observed five to nine years ago, to over 80% of those first observed ten to fourteen years ago, and to almost 90% of those first observed fifteen years ago. At the time of the study the average duration of illness by history in these patients was one year Ionger than the period of observation. Youth at onset is not necessarily a favorable prognostic sign. As in Schwab's study,ll an analysis of the proportion of patients who are dead or severely disabled based on their age at onset revealed no difference in progression during the first ten years of illness (Table 6 ). After ten years the higher incidence of death and disability among those with an onset after the age of 50 is largely attributable to a higher death rate in the older population, whose minimum age is 60 at this point. On the other hand, sex of the patient, age at onset, duration of illness, severity, and rate of progression were analyzed in relation to the mode of onset in an attempt to determine whether there is any prognostic significance to the initiating symptom. As in other aspects of the disease, there are wide variations in each of these parameters and they were without definitely significant correlations. However, there is a suggestion that, at least during the first ten years of illness, the rate of progression of the disease may be slightly less function of the age at onset of the illness rather than of the type of parkinsonism, with an increasingly younger age at death as the age at onset of the disease becomes younger. The mean duration of illness in those in whom it develops early is longer, but this is not sufficient to compensate.
The distribution of ages at death for primary parkinsonism is given in Figure 3 . A sobering and discouraging fact emerges from a comparison of this distribution with the proportion of patients in the various age groups at the time of death obtained from the reports of the Registrar General of England and Wales one hundred years ago.27 Despite the addition of a variety of therapeutic measures for parkinsonism over these years, including numerous drugs, surgical procedures, and improved supportive care, the distribution of ages at death has remained essentially unchanged.
Whether or not there is a limitation of life expectancy can be determined by comparing the observed number of deaths with the expected number based on mortality from all causes in the United States during the period of this study (Table 9 ).*S As before, only those 271 patients seen within two years of the onset of their disease could be considered, and, among these patients, 30 were omitted because the interval of observation for study purposes was less than one year. In this group, there were 91 deaths between 1949 and 1964, inclusively. It can be seen that this mortality among parkinsonian patients is almost 3 times that of the life-table projectives of the general population of the same age, race, and sex distribution. The increased risk of mortality with parkinsonism is present from the beginning of the illness and is observed at all intervals after the onset of symptoms. Although the death rate is higher in men,29 the relative mortality risk in parkinsonian patients is slightly less in men (2.6 times the expected) than in women (3.8 times the expected). When tremor is the initial symptom the risk of mortality is 2.4 times that of other persons of like sex, age, and color in the general population. Prognosis is even less favorable among patients whose onset is with rigidity, slowness, or other non-tremor manifestations. In such patients there were 3.9 times as many deaths as expected. As can be seen graphically in Figure  4 , this difference between patients with tremor and with other initial symptoms is most marked when the onset is under the age of 60. As far as could be determined from the number of patients involved, there were also more than the expected number of deaths among those with a type of parkinsonism other than primary. There would seem to be little doubt that the state of "parkinsonism" as an entity severely limits life expectancy.
CAUSES OF DEATH
In primary mortality tabulations it is customary to select the "underlying cause of d e a t h or "that disease or injury which initiated the train of morbid events leading directly to death," as defined by the World Health Organization's International Statistical Classification of Diseases, Injuries, and Causes of Death.30 Death certificates were obtained for 68.5% (233 out of 340) of the patients. Their accuracy as a means of judging the incidence of parkinsonism in the general population may be evaluated from the fact that only 15% (35 out of 233) of these certificates listed parkinsonism as the underlying cause of death, and only 46.4% (108 out of 233), as a contributing cause of death. In Williams' study parkinsonism was classified as the primary cause of death in one-third to one-half of the death certificates which noted the di~ease.3~ Parkinsonism was omitted from death certificates of almost 40% of these parkinsonian patients. Underlying causes of death as recorded on death certificates of patients in this study are tabulated in Column A of Table 10 . The deaths of 14.6% of these patients were designated on their death certificates as "due to" parkinsonism. The 7 leading underlying causes of death in the remaining 198 patients, compared with those of the general population of New York City during the same years,sz are also tabulated in Table 2 .
The underlying cause of death on the death certificate is not always satisfactory as a means of evaluating the clinical picture. We have found that death certificates are frequently inaccurate. In addition, in a study such as this, the mortal conditions to which the patient is subject, the mode of dying, and the immediate cause of death are often as important as the underlying cause. For example, benign prostatic hypertrophy would be considered the underlying cause of death on the following death certificate: [I] ( a ) Bronchopneumonia, secondary to ( b ) transurethral prostatectomy for ( c ) benign prostatic hypertrophy. [ 111 Parkinson's disease. However, if, from examination of medical records, it is apparent that bronchopneumonia was the result of exaggerated postoperative immobility because of the patient's parkinsonism rather than a complication of the trauma of surgery per sc, postoperative bronchopneumonia and surgery are both more pertinent as causes of death in this study of parkinsonism than is prostatic hypertrophy. Therefore, the death certificates, physicians' reports, hospital records, and autopsy findings on each patient were compared. The most pertinent causes of death were evaluated and are listed in coIumns B and C of Table 10 . In 34 instances the cause of death could not be limited to a single factor. In these cases the longer standing condition is listed in column B and that of shorter duration in column C. Parkinson's disease is tabulated as the cause of death only where it was so designated on the death certificate and no other more specific cause could be found in the records. In these patients, generally, the course leading to death was one of increasing inanition and generalized debility. No information about the cause of death was available for 60 of the 340 deaths.
At all ages and for both sexes, the leading causes of death were diseases of the heart, bronchopneumonia, malignant neoplasms, and cerebrovascular accidents. In parkinsonian patients the most striking difference from the general population (Table 11 ) is the higher incidence of deaths due to bronchopneumonia (p=.OOl). Certainly this is to be expected in a disease producing chronic immobilizion and debilitation. This was also found in a multiple At all ages and in both sexes there were fewer patients dying from heart diseases than in the general population of New York City. It is difficult to evaluate accurately the incidence of atherosclerosis in a popuIation, and it has been the impression of many investigators that atherosclerosis plays little role in the pathogenesis of Parkinson's di~ease.353~ Eadie and Sutherland failed to demonstrate any significant excess of clinically detectable arteriosclerotic disease in patients with parkinsonism over matched control subjects,3S and in this study the lower proportion of parkinsonian patients dying from diseases of the heart is probably significant. However, in men between 45 and 64, the proportion of deaths due to vascular lesions of the central nervous system was significantly higher than in the general population.
Especially in the younger ages the proportion of parkinsonian men dying from malignant neoplasms is somewhat lower than in the population as a whole. In the British Multiple Cause Analysis of 1951 the underlying cause of death was malignant neoplasm in only 2% of those patients with parkinsonism as a contributory condition.33 Doshay in 1954 stated that "cancer is phenomenally rare in paralysis agitan~."~O Barbeau and JoIy also found a much lower incidence of malignancy among their patients than e~p e c t e d .~l Westlund and Hougen, on the other hand, found 6 deaths due to cancer in a group of 111 patients dying with typical paralysis agitans, against an expected 2 deaths.42 This latter report is more in agreement with the present study in which there is no evidence that patients with parkinsonism are resistant to malignancies. Almost one-fifth of these patients (or 62 out of 340) are known to have had a malignancy at some time in their lives, and 7 of these had multiple primaries. Malignant neoplasm was found to be the cause of death in 45 of the 280 known causes of death, In addition, and in contrast to Barbeau's series, over a third of the parkinsonian patients dying with malignancies were women, and neoplasms of the breast, larynx, uterus, lung, and hemopoietic system were present. The distribution of the malignancies is given in Table 12 .
Nine percent of the deaths occurred following an operative procedure, including 8 after stereotactic procedures for parkinsonism and 17 after other operations. Only 3 were due to direct complications of the surgical procedure: one patient died from hemorrhage following laceration of the hepatic artery during a cholecystectomy and 2, from cerebral hemorrhages during thalamotomy. These are the only deaths listed as "due to" surgery in column B 
1.
A practical classification of the types of parkinsonism (primary, secondary, and indeterminate) is presented aIong with a system for grading severity into 5 stages. The natural history of the syndrome of parkinsonism was studied in 802 patients followed in the Vanderbilt Clinic during the period 1949 to 1964.
2. Two-thirds of all patients with primary parkinsonism have their onset of illness between the ages of 50 and 69. In this study the age at onset was the same in men and women. The gradual shift to an older age distribution in recent years is discussed.
3. Approximately one-quarter of the patients with Parkinson's disease who had their disease for less than five years were already severeIy disabled or dead. By five to nine years this had increased to two-thirds and by ten to fourteen years' duration, to over 80%. Among patients with primary parkinsonism there is a small group of atypical patients who, with slow evolution of the disease process, maintain balance and righting reflexes for ten or more years and are not severely disabled for twenty or more years.
4. Within the limits of the data examined, there were no definitely significant correlations among sex of the patient, age at onset of the disease, severe infections or other events preceding the onset of parkinsonism, positive family history of parkinsonism or other neurological disease, and the rate of progression of the disease.
Tremor is most frequently the initial symp-
tom. There is some indication that, at least during the first ten years of illness, parkinsonism with tremor as the initial symptom progresses more slowly than parkinsonism with other heraIding symptoms.
6. Parkinsonism does shorten life and does so substantially, regardless of the age at onset or the type of parkinsonism. The observed mortality is three times that of the general population of the same age, sex, and color.
7. The relative mortality risk is less for men than women and less for those in whom tremor was the initial syniptom rather than rigidity, bradykinesia, or other non-tremor manifestation.
8. There is no evidence that the introduction of newer methods of medical treatment and supportive care has substantially prolonged life. For patients treated surgically, follow-ups are not yet sufficiently long to indicate a trend.
9. Bronchopneumonia and urinary infections are causes of death more frequently in parkinsonian patients of all ages than they are in the general population. In certain age and sex groups of parkinsonian patients there are also more deaths due to accidental injury, peptic ulcer, and vascular lesions of the central nervous system.
10. There is no evidence that patients with parkinsonism are in any way resistant to malignant neoplastic disease.
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